, and 50 vol%) powders were prepared by mixing the corresponding amorphous powders. The amorphous dual-phase powders were then consolidated into bulk metallic glass (BMG) discs. The amorphization status of as-prepared powders and BMG discs was confirmed by X-ray diffraction and by using a differential scanning calorimeter. 
Introduction
Bulk metallic glass (BMG) and its composites possessing unique mechanical, magnetic and corrosion-resistant properties are highly potential for structural and functional applications. [1] [2] [3] [4] Recently, dual-phase BMG, which consists of two metallic glassy phases, has attracted increased R&D interest. Similar to a composite material, the dual-phase BMG can be expected to exhibit the properties of both its original constituents. For instance, the relatively brittle Febased BMG can be improved by alloying it with hightoughness Zr-based BMG. 5) Conventional casting or mold injection techniques can be used to prepare dual-phase amorphous alloys. For instance, it has been observed that La 27:5 Zr 27:5 Al 25 Cu 10 Ni 10 6) and Y 28 -Ti 28 Al 24 Co 20 7) alloys can undergo metastable liquid phase separation and thus form a dual-phase amorphous alloy. The confined constitutional range that can induce phase separation, however, restricts the formation of dual-phase metallic glasses with desired compositions and properties.
An alternative technique to prepare dual-phase metallic glasses would be via powder metallurgical methods, where the amorphous alloy can be prepared individually and then consolidated into a disc by hot pressing or other appropriate processes. For instance, Bian et al. 8) and Li et al. 5) have prepared a similar Zr-and Fe-based dual-phase BMG with unique soft magnetic properties. In the present study, the feasibility of preparing dual-phase (Mg 49 Y 15 Cu 36 ) 100Àx -(Ti 50 Cu 28 Ni 15 Sn 7 ) x BMGs by a combination of mechanical alloying (MA) and vacuum hot-pressing techniques was investigated. The as-prepared powders and BMGs were examined by X-ray diffraction (XRD), scanning electron microscopy (SEM), and by using a differential scanning calorimeter (DSC). In addition, the relative density and Vickers microhardness of the BMGs were evaluated. powders was 10 and 5 h, respectively. The as-milled powders were confirmed to be amorphous by an analytical X'Pert PRO diffractometer (PANalytical, Netherlands) using a monochromatic Cu-K radiation. Meanwhile, the thermal stability of the amorphous powders was evaluated by using a DuPont 2000 DSC; for this, the sample was heated from room temperature to 600 C under a flowing argon environment at a heating rate of 40 K/ min. A Hitachi S-4100 SEM was used to observe the microstructure and morphology of the as-milled powders.
Experimental Procedure
The powders were then consolidated in a vacuum hot-pressing machine at 473 K (determined by DSC) under a pressure of $1:2 GPa in order to prepare BMG discs with a diameter of 10 mm and thickness of 4 mm. The consolidated samples were re-examined by XRD and DSC to evaluate the amorphization condition. The densities of the composite BMGs were measured by the Archimedean method according to ASTM standard C639.
9) The Vickers microhardness of the consolidated BMG samples was measured using a Matsuzawa MXT50-UL machine with a static load of 0.5 N. Figure 1 shows Figure 2 shows the powder morphology and cross-sectional view of the as-milled amorphous powders after examined by SEM. It can be observed that the mean grain size of the Mg 49 Y 15 Cu 36 powders was observed to be slightly larger than that of the Ti 50 Cu 28 Ni 15 Sn 7 powders. The crosssectional view, however, revealed that both the as-milled powders exhibited a homogeneous phase (i.e., amorphous phase). The as-milled powders were examined by XRD and SEM as a function of the milling time even though this has not been shown in this paper. 8) who prepared BMG with dual glass phases for which both of the amorphous peaks can be observed. The current XRD results in Fig. 4 , however, exhibit a similar trend as that of the amorphous binary Ni-Ta system investigated by MA.
Results and Discussion

Single-phase amorphous powders
12) It is therefore important to further investigate whether the additional 2-h milling treatment transformed the original dual amorphous phases into a single amorphous phase.
The 
Dual-phase BMGs
Based on the thermal analysis results, the vacuum hotpressing temperature was set at 473 K, which is $10 K higher than the first views of the corresponding powders before and after consolidation into a disc were examined by SEM and the results are shown in Fig. 7 . Figure 7( Not only a homogeneous microstructure but also limited porosity within the BMG discs can be observed. The amorphization status of the BMG discs, however, was reexamined by XRD, and the corresponding XRD patterns are shown in Fig. 8 . When compared to their corresponding constituents, as shown in Fig. 4 
